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We have built a Mars environmental simulation chamber, designed to test new electromechanical
devices and instruments that could be used in space missions. We have developed this environmen-
tal system aiming at validating the meteorological station Rover Environment Monitoring Station of
NASA’s Mars Science Laboratory mission currently installed on Curiosity rover. The vacuum cham-
ber has been built following a modular configuration and operates at pressures ranging from 1000 to
10−6 mbars, and it is possible to control the gas composition (the atmosphere) within this pressure
range. The device (or sample) under study can be irradiated by an ultraviolet source and its tempera-
ture can be controlled in the range from 108 to 423 K. As an important improvement with respect to
other simulation chambers, the atmospheric gas into the experimental chamber is cooled at the walls
by the use of liquid-nitrogen heat exchangers. This chamber incorporates a dust generation mecha-
nism designed to study Martian-dust deposition while modifying the conditions of temperature, and
UV irradiated. © 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4868592]
I. INTRODUCTION AND OBJECTIVE
More than 20 years after the Viking’s1 missions to study
the Red planet, NASA has returned to the exploration of Mars
aiming at determining the atmospheric and surface charac-
teristics of the planet to survey possible habitability. In this
sense, it has become essential to develop new instrumentation
capable of detecting with higher resolution and precision the
main variables that determine the atmospheric parameters on
the planet’s surface.2 These variables are the pressure, ground
and air temperature, wind direction, relative humidity, and
ultraviolet radiation.
The use of planetary simulation chambers has become a
common approach to prepare special missions. Vacuum ex-
perimental set-up can mimic some of the most important en-
vironmental parameters in a close environment. Among the
most important applications in current and future missions are
the study of DNA damage by space radiation;3, 4 stability of
crystalline phases of minerals on the surface of Mars;5 instru-
mentation validation, or survival of spores in space mission
and planetary surface; or cosmic ices.6 These are a few ex-
amples of a long interdisciplinary list of different aspects that
can be studied in these simulation chambers.
Simulation of Mars planetary conditions using vacuum
chambers is not a new issue. Most of the existing experimen-
tal setups were built for specific use. Thus, some are opti-
mized for studying biological samples in different environ-
mental conditions.7, 8 Others designed as large systems were
testing the behavior of instrumentation and sensors on wind
conditions and dust storms on the planet’s surface, such as
MARSWIT (Martian Surface Wind Tunnel),9 or the wind tun-
nel of the Oxford University10 and Aarhus University.11 Fi-
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nally, commercial systems are climatic chambers, designed to
study the thermal behavior of instrumentation or to validate
some protocols.
The objective of this communication is to present a new
and versatile Mars simulation chamber designed primarily to
test some of the environmental sensors of the meteorological
station REMS (Rover Environment Monitoring Station)12 of
the mission MSL (Mars Science Laboratory)13 onboard the
rover Curiosity, in real working conditions. The main techni-
cal characteristics and specificities of this chamber, that we
have called MARTE, will be discussed along this work (see
Figure 1).
There are several advantages and differences of MARTE,
with respect to other simulation planetary systems: the ver-
satility for testing different instruments or samples, the treat-
ment of the atmospheric gases, and the possibility to include
Martian dust. MARTE has been conceived in a modular con-
cept (the total volume can be modified) and it is possible to
study the behavior of instrumentation and samples of differ-
ent nature and sizes in pressure ranges up to 10−6 mbars, with
temperature control in sample holder in the range [108 K < T
< 423 K]. The main body permits to simulate sun illumina-
tion at different azimuths and UV-radiation; and an extreme
control on the gas composition at all total pressures using a
quadrupole mass spectrometer. The atmospheric gas can be
efficiently cooled down at the walls. Finally, it is possible to
deposit dust by an original vibration system using gravity.
All the information is recorded by ad hoc developed soft-
ware with LabView R©, which collects the signals of different
pressure sensors (Piezoresistive, Pirani, Capacitive, and Pen-
ning) to cover different pressure ranges and time response to
different experimental requirements, as well as various tem-
perature sensors and relative humidity, which we can observe
in real time absorption and desorption phenomena occurring
on the internal surface of the vacuum chamber, as in the
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FIG. 1. Photograph of the MARTE simulation chamber.
samples to study. This experimental set-up is open to any
interested scientist or technologist.
II. TECHNICAL DESCRIPTION
Figure 2 is a schematic representation of MARTE simu-
lation chamber indicating the position of the main pieces of
equipment. MARTE is formed by two independent vacuum
vessels separated by an electro-pneumatic valve. The main
chamber or atmospheric chamber (AC), where the Mars at-
mosphere and the sample, device or instrument (from now on
we will call sample) under study is introduced; and the dust
chamber (DC), where we can simulate Mars dust-storms. The
AC consists of two cylindrical bodies. The union between
them is performed by vacuum seals LF [10−8 mbars]. We
chose this type of design because of their versatility, pumping-
speed efficiency, and simplicity of the closing protocols. Nev-
ertheless, every one of those bodies includes ConFlat (CF)
flanges so that other laboratory equipment can be easily in-
stalled. Both cylinders incorporate an inner serpentine for liq-
uid nitrogen cooling, which allows decreasing the temperature
of the atmospheric gas, and not exclusively on the sample un-
der study. This is an important item as many other simulation
setups do not cool the atmospheric gas, and therefore effects
related to a rarefied atmosphere are not considered into the
results.
The bottom cover of the vacuum chamber has a mechani-
cal opening system sliding vertically and horizontally to fa-
cilitate placement of the samples. On this cover is located
the sample holder bench, which allows to modify the sur-
face temperature in the range from 108 K to 423 K by the
FIG. 2. Technical draw of MARTE, in the configuration used to test the
REMS sensors of the MSL mission on board Curiosity rover.
circulation of liquid nitrogen. Also at the bottom cover a
multi-pin feedthrough is located for controlling, powering,
and monitoring the sample under study. In the upper ring-
body several DN40CF are placed flanges pointing towards the
sample that simulate the sun’s position relative to the Mars
surface on a tropical, at different times of the day. This design
aims to help in the study of the daily response of photodiodes,
as the REMS UV sensor for the NASA MSL mission. In the
top cover, an electro-pneumatic valve connects the chamber
AC with the dust chamber, where is the dust generator. In the
AC chamber are installed the UV source, the image recording
set-up and the temperature and humidity sensors.
We will consider the standard Mars atmospheric condi-
tions to be the following:2
 Gas composition: Ar 1.6%; CO2 95%; H2O 0.6%;
N2 2.6%.
 Local temperature on surface (sample holder):
150 K < T < 280 K.
 Pressure: 7–20 mbars.
 Dust: mixture of magnetic and nonmagnetic iron oxide
particles (only used for optical experiments).
A. Dust generator
The day-by-day coating of the optical rover’s instruments
on Mars by the atmospheric dust is one of the most intricate
technological problems limiting the lifetime of many mis-
sions. One of the main advantages of this machine over any
other is the ability to provide a simulation system with the
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possibility of spreading dust in vacuum conditions. The free
fall of a particle can describe two types of trajectories based
on the resistance to progress and the interaction between the
neighboring particles and the environmental gas. Ballistic tra-
jectories, when they have no resistance to progress (high vac-
uum regime), and Brownian trajectories, as the particles dif-
fuse through the fluid medium (atmosphere) in the volume of
the vacuum chamber (low-vacuum regime). In the case of the
Mars atmosphere, we are interested in Brownian motion to
mimic the real conditions near the Mars surface. This unique
set-up will allow for obtaining an estimate of the evolution of
the reading at the photodiodes of the ultraviolet sensor when
working in the dusty Martian atmosphere.1, 14 As time passes,
they get progressively covered and their efficiency will be
progressively attenuated.
Particles used to simulate dust are composed mainly by
magnetic and nonmagnetic iron oxides similar in composition
to those detected on Mars. The mean particle size is less than
63 μm in diameter15 and they are placed on a dust repository
compartment. This small chamber consists of two sieves, as
indicated in Figure 3. Both sieves have holes of 63 μm diame-
ter and both vibrate by using a counterweight motor shaft. The
motor generates an irregular movement directly connected to
the box supporting them (Fig. 3). The irregular vibration uni-
formly disperses the particles on the two sieves. Once the par-
ticles pass the second one, and depending on the total pres-
sure, and the dynamic viscosity of the gas, the particles fell
down by gravity. We performed our tests for REMS UV sen-
sor with 200 mbars of Martian atmosphere, which is 95%
CO2, at room temperature. Under these conditions we could
disperse dust throughout the vacuum chamber, creating a ho-
mogeneous layer that allows us to simulate the atmosphere,
temperature, and the dusty conditions of the planet.
B. Local and environmental temperature control
The sample holder consists of a copper plate (205 × 205
× 6) mm that supports the device or sample under study. The
FIG. 3. Section of dust chamber, DC, with the dust generation system.
FIG. 4. Sample holder of MARTE simulation chamber.
surface of the plate is drilled with holes M4 spaced 25 mm
from each other, mimicking optical tables. This entire block
is suspended by four screws M12, which allow you to ad-
just the height of the sample holder. The temperature of the
surface of the sample holder can be controlled in the range
[108 K < T < 423 K]. The passing of liquid nitrogen from
an external dewar to the sample holder is performed by a
cryogenic feedthrough. PTFE (polytetrafluoroethylene) flex-
ible pipes lead the liquid nitrogen to the sample holder in-
side the steel block (Figure 4). Between the steel block and
the final copper surface we have installed a resistance type
Thermocoax R© of 280 W that permits to regulate the temper-
ature on surface. Screwed on the copper surface are located
three types of sensors, each for different temperature ranges
and response speeds: Thermocouple type K, Pt100 [−50 ◦C,
+200 ◦C], and Pt100 [−200 ◦C, +800 ◦C]. The temperature
control is performed by a proportional integral differential
(PID) controller (Watlow F4S R©), which powers the electri-
cal heating resistance and at the same time opens the solenoid
valve controlled way in time to allow the flow of liquid
nitrogen.
To cool down the gas atmosphere inside the MARTE
chamber, there are two stainless steel rings (serpentine type)
with an internal volume of 2.5 liters each (Figure 2). Each
ring is connected to the outside by means of cryogenic
feedthroughs that allow liquid nitrogen to fill the internal
volume. The rings are spaced 5 mm inside the vacuum
chamber to reduce thermal conduction from the wall. The
filling and control method is carried out through a dewar
located 1 m above the top cover of the AC and therefore
acts by gravitational pressure (Figure 1). Both rings are filled
simultaneously but the output of the two rings is joined, and
is driving back the nitrogen to the main dewar. The control of
the dewar filling is performed by passing an electrically pro-
grammed electrovalve, which is connected to another storage
self-pressurized dewar of 120 l. We monitor the temperature
of the inner rings by means of two type K thermocouples,
each located on a cooling ring. AC is covered with neoprene
isolation 1 cm thick (Figure 1). In this way the outside
surface of the chamber is at the lowest and homogeneous
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FIG. 5. Residual gas composition (RGA) in the Mars atmosphere at 7 mbars
for three different temperatures in the sample holder, in the case of cooling the
inner rings with liquid nitrogen at 77 K. Red shows an RGA at sample holder
−6 ◦C, orange at −80 ◦C, and blue at −180 ◦C. The vertical axis shows the
ions current in ampere.
temperature as possible, minimizing the liquid nitrogen
consumption.
With the system described above, we control the atmo-
spheric temperature inside the MARTE vacuum chamber;
however, this might not be straightforward. Mars atmosphere
can be set, for instance, to few mbars pressure consisting in
95% CO2, and the remaining 5% is composed of H2O, N2,
and Ar2. However, CO2, the main atmospheric gas, is a poor
heat transmitter and can condense on the cold walls, chang-
ing the atmospheric gas composition. This effect is shown
in Figure 5, where residual gas spectra recorded at different
temperatures are shown. Figure 5 shows the analog spectra or
RGA measured by the mass spectrometer, through differen-
tial pumping, for the chamber between 7 mbars and 20 mbars.
From room temperature to −10 ◦C the main gas of the atmo-
sphere is mass 44 (CO2), as this gas only condenses on Teflon
tubes in sample holder and mass corresponding to nitrogen
and argon is the minority (5%). As we move down the tem-
perature of the sample holder, the mass 44 is condensed in the
cold areas (77 K, which correspond to the Teflon tubing and
steel block in sample holder). The orange graph with sam-
ple holder (copper block) at −80 ◦C indicates that the main
mass in MARTE is 28, corresponding to nitrogen, following
the mass 40 argon, and finally the mass 44 is CO2, the minor-
ity contributions are the mass 14 and 20, which correspond to
the double ionization of nitrogen and argon. The blue graph
which corresponds to the lowest limit surface temperature at-
tainable in sample holder (copper block) indicates that the ma-
jority mass is 28 followed by 40 and finally 44. This indicates
that as we decrease the walls’ temperature in MARTE, and
maintain constant pressure, CO2 condenses and the only gases
that stay in the atmosphere are nitrogen and argon, gases that
are a minority in the atmosphere of Mars. This effect can be
a real problem, and therefore temperatures above the conden-
sation threshold of CO2 have to be used. The limit of CO2 at
7 mbars is 148 K (−125 ◦C).16
C. Pressure control
The pressure control on MARTE is performed in dy-
namic mode, except the test of the pressure sensor from the
Finnish Meteorological Institute (FMI), with manual pump-
ing conductance, through a fine adjustment valve and auto-
matic variable gas flow inlet. This mode of operation is known
as STD. MARTE chamber has a rotary pump of 20 m3/h
pumping speed. In cases where it is necessary to reach 10−6
mbars, we have a Turbo pump with 60 l/s pumping speed. For
the Mars simulations we only use the rotary pump.
For pressure measuring, we use different types of sensors,
depending on the gas type in the atmosphere, and the response
speed required in the experiment. The choice of capacitive
and piezoresistive gauge is of paramount importance, because
the reading is independent of gas type (direct gauge). We used
in MARTE chamber four types of gauges: Pirani [1000 < P
< 5 × 10−4] mbars, if we need a quick reading of the vac-
uum pressure, capacitive [110 < P < 1 × 10−2] mbars, and
piezoresistive [1000 < P < 1 × 10−1] mbars, when mixed-
gas atmospheres are used, and in the case of low vacuum,
combined Pirani-Penning [1000 < P < 5 × 10−9] mbars.
We adjust the nominal pressure in mode STD, and the
system automatically regulates the gas flow with respect to
a reference sensor with variable gas flow. The control valve
regulates the gas inlet into the vacuum system, for a specific
pump speed. We regulate the conductance through a valve.
For example, when decreasing the temperature at constant
volume, the system is forced to increase the inflow of gas
to maintain pressure constant, because the main gas (CO2 on
Mars) condenses on cool surfaces.
Condensation of water on the experimental walls is not an
issue because the system has been previously pumped down to
the limit, and the residual water pressure, as checked by our
differentially pumped RGA, is about 3 orders of magnitude
lower than the one from CO2 or He in ATS (Air Temperature
Sensor) Test.
We used two types of automatic gas flow valves. In
the AC chamber we have the valve (Pfeiffer RME 005), for
medium conductance and in the DC chamber we have the fine
adjustment conductance (Pfeiffer EVR 116). This valve has a
slower response time, because it cannot work with large flows,
and the volume of the DC is much smaller than AC.
D. Measuring of gas composition
Gas composition inside the AC is determined by
quadrupole mass spectrometer (Pfeiffer QMG 220) operat-
ing in two different ways depending on the total pressure.
For high pressures (1 atm to 10−5 mbars, as it could be the
case of Mars at 7 mbars) a differential pumping setup for the
quadrupole is used. This allows us to measure and character-
ize the gas composition in our AC, even at some mbars of
total pressure (Mars conditions). When AC is pumped down
at pressures below 10−5 mbars, we introduce the quadrupole
directly inside the chamber. The quadrupole is connected to a
gas-manifold where several mixtures can be used to reproduce
the desired atmosphere. When mimicking Mars we normally
use 95% of CO2, 3% nitrogen, and 2% argon, at pressures
from 5 to 10 mbars.
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FIG. 6. Photography of the environmental temperature and humidity sensor
placed on a Nylon rod at different distances from the bottom of the chamber.
E. Monitoring environmental temperature and relative
humidity
We have developed two types of environmental sensors
in order to characterize the ambient temperature and relative
humidity, while performing simulations in MARTE chamber.
Both are installed equispaced along a vertically placed Nylon
rod 70 mm long and finishing in M4 threaded into a hole of
the sample holder or directly on a DN40CF feedthrough (see
Figures 2 and 6). On the rod we set different pairs of temper-
ature and humidity sensors.
The Environmental Temperature Sensor (ETS) consists
of RTD (Resistance Temperature Detector, type PT1000,
Class A). Normally we use 5 of them distributed along the
rod. These sensors have wires of equal length and thickness,
so that the heat exchange through them is minimized, avoid-
ing offset for each sensor. The sensor signals are extracted
through a feedthrough in DN40CF and taken to the data
acquisition system (see Figure 7).
We have tested the temperature sensor in 5 different
conditions.
1. Mars gas mixture to 7 mbars with interior rings full of
liquid nitrogen at 77 K.
2. Air (vacuum) at 10−3 mbars (maximum range of rotary
vacuum pump, Pfeiffer DUO 20).
3. Air at 13 mbars.
4. Helium 5M, at 4 mbars.
5. Helium 5M, at 3 mbars with interior rings full of liquid
nitrogen at 77 K.
FIG. 7. Photography of the bottom part of MARTE chamber when opened
to air. Red numbers corresponding to components and instrumentation: (1)
Nitrogen liquid Inner line of sample holder; (2) Thermocoax R© resistance
between steel and copper block in sample holder; (3) sample holder; (4) ATS
engineering model (Observe the FR4 rod); (5) engineering model of pressure
sensor and ICU (Integrated Circuit Unit) of REMS; (6) ETS sensor.
TABLE I. Measurement of maximum to low temperatures of the different
environmental sensors registered in many types of atmospheres, measured
with the ETS sensor. Temperatures are in ◦C. Pt5 sensor is the nearest to
the sample holder, it is 70 mm. The test number 5 is necessary to test the
minimum temperature inside MARTE vacuum chamber.
Sensor Condition 1 Condition 2 Condition 3 Condition 4 Condition 5
Pt1 0 8 − 4 − 14.5 − 16
Pt2 − 5 8.5 − 5 − 20.5 − 28
Pt3 − 12 7.5 − 5.5 − 24.5 − 46.5
Pt4 − 18.2 8 − 5 − 33 − 70
Pt5 − 24.6 7 − 9.5 − 63.5 − 90
Sample − 125 − 163 − 161 − 166 − 165
Holder
The reading of the different sensors in these above mentioned
conditions is summarized in Table I. Sensor Pt1 is at the
higher part of the rod, and Pt5 is the closest to the sample
holder table. Situation 1 is crucial for climate studies of Mars,
because it is mimicking real Martian conditions (pressure and
gas composition); however, it suffers from CO2 condensation
on surface sample holder. All other operating set-ups were
used to evaluate different aspects of the environmental pos-
sibilities of the MARTE chamber. Helium gas was used in
conditions 4 and 5 because it is an inert gas with high thermal
conductivity, which promotes heat exchange on the cold sur-
faces and makes possible to reduce the internal temperature
of the vacuum chamber, especially in the proximity of the
air sensor ATS of REMS. Curiously, as it will be discussed
later, the Pt1000 temperature sensor data of the ATS sensor
placed at the end of the rod (Pt5) read the minimum tempera-
ture when helium gas is used (conditions 4 and 5), and we can
conclude that this situation is closer to the real.
The humidity sensor is a Honeywell HIH-4000 Series,
which is normally coupled with a temperature sensor. In the
configuration shown in Fig. 6, we have 7 pairs of sensors.
Sensor 1 is near to the bottom of the chamber and sensor 7 is
near to the top. All sensors are equally distributed along the
supporting rod (Nylon M8, 500 mm length).
III. REMS: TESTING SENSORS IN MARTE
(AIR TEMPERATURE AND PRESSURE SENSOR)
REMS is the name of the meteorological station on board
the rover MSL Curiosity of NASA’s mission. It measures
pressure, relative humidity, ground temperature, wind speed
and direction, and ultraviolet radiation with a combination
of different devices and small instruments sited on the rover
case.12 In MARTE we tested three of them at working stan-
dard conditions, particularly the atmospheric temperature,
pressure, and UV sensors (the latter is not discussed in this
article).
A. Air Temperature Sensor on curiosity
ATSs are located in the Curiosity “booms” (devices that
contain the ATS, Wind, and Ground Temperature sensors).
There are two of them on the mast of the rover. ATS12 consists
of a FR4 rod (epoxy laminate, mainly used in the construction
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FIG. 8. Temperature of the RTD (Pt1000) located at the end of the rod in
the ATS1 (blue) and ATS2 (green). These devices are part of the boom1 and
boom2. The minimum temperatures correspond to SOL (Martian day) be-
tween 57 and 94. In these days the Rover Curiosity was still. Data from MSL
Planetary Data System of NASA.
of integrated circuit boards) 35 mm long, on which are located
three RTD (Resistance Temperature Detector, Pt1000 class A,
with a size of 1.2 × 1.6 mm). Two of them are located at the
extremes of the rod FR4, and the other in the middle. In the
side rod, are imprinted the traces leading electrical signals to
electronics following a zigzag pattern so that heat conduction
is minimized through it. This sensor can calculate air temper-
ature through the use of an algorithm previously published.17
Fig. 8 shows real data sent by the rover corresponding to the
reading of the outermost external sensors.
We tested the ATS sensor at the 5 working conditions
indicated previously for the ETS sensor, but it was placed at
the same height with respect to the sample holder table of Pt5
(see Table I). The most favorable conditions for checking the
minimum temperature of ATS on the Mars planet were made
with helium as exchange gas atmosphere (see Table I in the
conditions 4 and 5).
B. Pressure sensor
The REMS pressure sensor is a temperature com-
pensated capacitive sensor developed by the FMI. It
consists of two transceivers with BAROCAP R© Vaisala
technology for pressure and Thermocap R© for temper-
ature. One is to achieve high stability and the other
high-resolution.12 The pressure sensor is located inside
the body of Curiosity rover and is connected to the
outside through a chimney.
In MARTE chamber have been carried out two types
of tests with respect to the pressure sensor. One of them at
different temperatures and absolute pressure ranges, [0–14]
hPa (mbar) with 100 Pa intervals and [−45 ◦C, +55 ◦C] with
max 15 ◦C intervals, in an atmosphere similar to Mars, and
the second one was devoted to determine the response of the
sensor against sudden pressure variations. Abrupt pressure
changes can be expected during wind or dust storms, and it is
important to know which is the sensor response in these con-
ditions. The novel aspect is to verify the accuracy and re-
sponse time of the pressure sensor after an abrupt change in
pressure and ambient temperature.
To this goal, we used the DC as gas reservoir. When
we open the pneumatic valve separating both chambers
(Figure 2) the volume of the AC increases. In this way by
estimating the relationship between the volumes of the two
chambers, we calculate the values of initial pressure to obtain
the desired total increase. The opening time of the electro-
pneumatic valve is always the same, about 1 s:
V2
V1
= P1
PF
− 1 = r. (1)
In formula (1), V2 is the volume of atmospheric chamber AC,
V1 is the volume of dust chamber DC, the pressure P1 is the
pressure of the dust chamber, and PF is the final pressure mea-
sured when the two chambers are connected because the valve
is open. For calculating the volume ratio, r (ratio between
volumes of both chambers), the atmospheric pressure in the
AC or chamber 2 is considered to be 10−3 mbars (limit ro-
tary pump) and the pressure in the DC is 1 atm. The value r
obtained with the pressure sensor inside MARTE is 21.8 by
formula (1).
In order to set a particular increase in the pressure, P,
we have to adjust the pressure in DC or chamber 1 before
opening the valve. Formula (2) is the mathematical relation-
ship between these two magnitudes:
P (r + 1) + P2 = P1. (2)
The experimental results are shown in Table II. “r” has been
calculated following formula (1), and measuring the pressure
before (P1, P2) and after (PF) opening the valve. PF is de-
termined after using different pressure sensors from Fig. 9.
In MARTE set-up, we have estimated a resolution in the de-
termination of the absolute pressure reading of the sensor of
0.05 mbars between 1 and 4 s (time to pressure is stabilized).
This value is obtained using as reference gauge Pfeiffer CMR
362 in AC chamber, with calibration ENAC (16/LC142). The
second, third, and fourth rows of Table II show different P
for which pressure sensors were tested, following formula (2).
Thus, the MARTE chamber meets the specifications of
the REMS test plan, for determining pressure (and pressure
variations) in Mars conditions. However, we would like to
make a point of caution. To fully understand the result of
the abovementioned test, temperature variations induced in
the expansion-compression process must be considered. They
can affect the result of direct sensor measurements, as in the
TABLE II. Values of the pressure in the different chambers for testing
the REMS pressure sensor. See text for definition of the magnitudes. Data
obtained following formula (2). First row, determination of r following
formula (1).
P (mbars) P1 (mbars) P2 (mbars) PF (mbars) r = V2V1
Calculating “r” . . . 915.4 0 40.08 21.8
P1 1.44 42.5 6.06 7.5 . . .
P2 0.05 7.14 6 6.05 . . .
P3 0.1 8.27 6.01 6.11 . . .
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FIG. 9. The left figure shows the time evolution of the pressure sensors at the AC chamber after opening the connection valves. The stable final result is the
value of PF required for calculating the volume ratio, r. The right figure shows the same determination using the sensors of the DC. In both cases the final reading
for PF is 40.08 mbars. The different pressure readings in DC before the valve opening is due to the accuracies at low vacuum range of the different gauges used.
capacitive temperature compensated gauge of the FMI pres-
sure sensor. The changes associated to pressure variations af-
fect to changes in the temperature of the vacuum vessel (atmo-
sphere). To observe this effect, we performed measurements
with our temperature sensors (ETS), which indicated a max-
imum gradient of 0.6 ◦C at the instant of valve opening. In
Figure 10, we show the temperature change recorded at differ-
ent heights with respect to the surface. At the time of opening
the valve to an abrupt change in pressure with an increment
of 1 atm, there is an expansion in the dust chamber and the
gas compression in the atmospheric chamber. When the pres-
sure increases in MARTE, there is also a rapid temperature
increase due to gas compression. In Fig. 10 we show tem-
perature variation of sensors located at the middle of the rod
(sensors 3 and 4, see Sec. II E). At this level, the increase of
temperature is about 0.17–0.23 ◦C. This increase in temper-
ature stabilizes at two minutes and a half, which is the min-
imum time of MARTE chamber stability for static pressure
measurements. The uncertainty of REMS pressure sensor de-
creases exponentially with time with the following time con-
stants: 2 min for high-stability Barocap R© and 15 s for high-
FIG. 10. Evolution of the temperature at the moment of opening the gate
valve between the two chambers. The graphs show an increase in temperature
at the time of gas compression. Sensors 3 and 4 are separated by 70 mm and
located at 210 mm from the bottom of the chamber.
resolution Barocap R©.12 This effect is not usually taking into
account but it can be important for accurate determination of
abrupt pressure variation in the electronic of the device.
IV. CONCLUSIONS
We have built a versatile vacuum system to simulate the
atmospheric conditions on Mars surface. The MARTE cham-
ber is now a unique platform for Mars environmental simula-
tion and test of optical and electronic instrumentation, having
proven its functionality in the tests of REMS environmental
station on Curiosity rover.
The vacuum chamber has been built following a modular
configuration and operates at pressures ranging from 1000 to
10−6 mbars, and it is possible to control the gas composition
(the atmosphere) within this pressure range. An important im-
provement with respect to other simulation chambers is that
the gas is cooled at the walls by the use of liquid-nitrogen
heat exchangers. MARTE incorporates a dust generation
mechanism.
When mimicking the typical Mars atmosphere it is very
important to consider condensation effects of carbon dioxide
at a pressure of few mbars on the walls of the chamber. The
use of He instead of CO2 could be a good solution to evaluate
the effect of a cold atmosphere in temperature and pressure
determinations.
The dual chamber configuration of MARTE is adequate
to study the response of sensors towards sudden pressure vari-
ations, as the one that can be produced by storms on the Mars
surface.
ACKNOWLEDGMENTS
MARTE Machine has been developed primarily with
funds from the national plan of the Secretary of State for Re-
search, Innovation and Development under the Ministry of
Economy and Competitiveness, REMS Project Nos. 2007-
65862 and AYA2011-25720, also with the internal plane-
tary protection project of the Centro de Astrobiología, by
Carlos Briones (2011) as well as the national project of MEC,
SOLID (No. AYA2008-04013). We thank Andres Buendia for
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitationnew.aip.org/termsconditions. Downloaded to IP:
161.111.180.191 On: Wed, 25 Jun 2014 09:46:19
035111-8 Sobrado, Martín-Soler, and Martín-Gago Rev. Sci. Instrum. 85, 035111 (2014)
his help on the cryogenic system design, Alain Lepinette for
his support in ATS test, Ricardo Ferrandiz, by making modifi-
cations in record time, as well as other colleagues in the CAB
Instrumentation department (Jorge Pla, Carlos Armiens, Julio
Romeral, Eduardo Sebastián, and Juan Manuel Manchado)
for useful discussions.
1S. L. Hess, R. M. Henry, C. B. Leovy, J. A. Ryan, and J. E. Tillman, “Me-
teorological results from the surface of mars: Viking 1 and 2,” J. Geophys.
Res. 82(28), 4559–4574, doi:10.1029/JS082i028p04559 (1977).
2S. R. Lewis, M. Collins, and P. L. Read, “A climate database for Mars,”
J. Geophys. Res.: Planets 104, 24177–24194, doi:10.1029/1999JE001024
(1999).
3A. C. Schuerger, P. Fajardo-Cavazos, C. A. Clausen, J. E. Moores, P.
H. Smith, and W. L. Nicholson, “Slow degradation of ATP in simulated
martian environments suggests long residence times for the biosignature
molecule on spacecraft surfaces on Mars,” Icarus 194(1), 86–100 (2008).
4A. Fekete, G. Rontó, M. Hegedüs, K. Módos, A. Bérces, G. Kovács, H.
Lammer, and C. Panitz, “Simulation experiments of the effect of space en-
vironment on bacteriophage and DNA thin films,” Adv. Space Res. 33(8),
1306–1310 (2004).
5M. P. Zorzano, E. Mateo-Martí, O. Prieto-Ballesteros, S. Osuna, and N.
Renno, “Stability of liquid saline water on present day Mars,” Geophys.
Res. Lett. 36(20), L20201, doi:10.1029/2009GL040315 (2009).
6G. M. Muñoz Caro et al., “New results on thermal and photodesorption
of CO ice using the novel InterStellar Astrochemistry Chamber (ISAC),”
Astron. Astrophys. 522, A108 (2010).
7E. Mateo-Martí, O. Prieto-Ballesteros, J. M. Sobrado, J. Gómez-Elvira,
and J. A. Martín-Gago, “A chamber for studying planetary environments
and its applications to astrobiology,” Meas. Sci. Technol. 17(8), 2274–2280
(2006).
8L. L. Jensen, J. Merrison, A. A. Hansen, K. A. Mikkelsen, T. Kristoffersen,
P. Nornberg, B. A. Lomstein, and K. Finster, “A facility for long-term
Mars simulation experiments: the Mars Environmental Simulation Cham-
ber (MESCH),” Astrobiology 8(3), 537–548 (2008).
9R. Greeley, R. Leach, B. White, J. Iversen, and J. Pollack, “Threshold wind-
speeds for sand on mars: Wind tunnel simulations,” Geophys. Res. Lett.
7(2), 121–124, doi:10.1029/GL007i002p00121 (1980).
10C. F. Wilson, A. L. Camilletti, S. B. Calcutt, and P. M. Ligrani, “A wind
tunnel for the calibration of Mars wind sensors,” Planet. Space Sci. 56(11),
1532–1541 (2008).
11J. P. Merrison, H. Bechtold, H. Gunnlaugsson, A. Jensen, K. Kinch, P.
Nornberg, and K. Rasmussen, “An environmental simulation wind tunnel
for studying Aeolian transport on mars,” Planet. Space Sci. 56(3–4), 426–
437 (2008).
12J. Gómez-Elvira et al., “REMS: The Environmental Sensor Suite for the
Mars Science Laboratory Rover,” Space Sci. Rev. 170(1–4), 583–640
(2012).
13J. P. Grotzinger et al., “Mars Science Laboratory Mission and Science
Investigation,” Space Sci. Rev. 170(1–4), 5–56 (2012).
14M. B. Madsen et al., “The magnetic properties experiments on Mars
Pathfinder,” J. Geophys. Res. 104(E4), 8761, doi:10.1029/1998JE900006
(1999).
15P. Nørnberg et al., “Salten Skov I: A Martian magnetic dust analogue,”
Planet. Space Sci. 57(5–6), 628–631 (2009).
16Handbook of Chemistry and Physics, 89th ed, edited by D. R. Lide (CRC
Press, Taylor and Francis, FL, 2009), p. 2692.
17D. W. Mueller and H. I. Abu-Mulaweh, “Prediction of the temperature
in a fin cooled by natural convection and radiation,” Appl. Therm. Eng.
26(14–15), 1662–1668 (2006).
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitationnew.aip.org/termsconditions. Downloaded to IP:
161.111.180.191 On: Wed, 25 Jun 2014 09:46:19
